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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Objective: The aim of this research was to implement 

Quadruplex Priming Amplification (QPA) and to perform a 
spectroscopic study of an HIV-integrase aptamer in the presence 
of lead ions.

Methods: Quadruplex Priming Amplification (QPA) is a 
simple amplification assay in which isothermal amplification 
is performed using only a DNA polymerase, and detection is 
conducted by the intrinsic fluorescence of the primers. QPA 
employs specific G-rich sequences (G3T) as primers that, upon 
polymerase elongation at defined temperatures, spontaneously 
dissociate from the primer-binding sites (PBS) and fold into a 
monomolecular quadruplex. The G3T sequence is based on a 
DNA aptamer designed against HIV-1 integrase. Fluorescent 
nucleotide analogs, such as 3-methyl isoxanthopterin (3MI), 
when incorporated into these primers, emit light upon 
quadruplex formation and permit simple, specific, and sensitive 
quantification without the need for attached probe molecules.

Results: Previously, QPA assays were developed using 
truncated targets and potassium cations. Here, we designed 
QPA assays with a truncated target and lead cations within 
a temperature range of 50–60 °C. Lead cations resulted in 
significantly faster amplification compared with potassium 
cations. In addition, we performed a spectrophotometric study 
of the G3T sequence in the presence of lead cations. Lead 
cations exhibited highly stable quadruplex formation.

Conclusion: The target molecule can be extended with a 
complementary sequence derived from a pathogen, enabling 
pathogen detection. QPA can be applied as a simple and 
inexpensive diagnostic method for point-of-care (POC) 
applications, as well as for the development of faster 
amplification strategies, which will make this method more 
suitable for molecular diagnostics. 

Although we use low concentrations, given the toxicity of 
lead, suitable disposal methods are imperative.

Key words. DNA amplification, quadruplex, the point of care, 
lead cations, fluorescence.
Introduction.

Current systems for clinical diagnostic applications are mainly 
PCR-based, can typically only be used in hospital settings, and 
are still relatively complex and expensive. Integrating sample 
preparation with nucleic acid amplification and detection in 
a cost-effective, robust, and user-friendly format therefore 
remains challenging [1].

The free energy of the d(GGGTGGGTGGGTGGG) (G3T) 
quadruplex can be used to drive isothermal amplification of 
DNA, referred to as Quadruplex Priming Amplification (QPA) 
[2]. QPA allows isothermal amplification of nucleic acids with 
improved yield and simplified detection. This assay is based on 
the G3T DNA quadruplex, which, in the presence of specific 

cations, possesses unusually high thermal stability. The key 
point of QPA is that the G3T sequence is capable of forming 
quadruplexes with significantly more favorable thermodynamics 
than the corresponding DNA duplexes. QPA employs truncated 
G3T sequences as primers, which, upon polymerase elongation, 
self-dissociate from the binding site and allow the next round of 
priming without thermal unfolding of amplicons. In addition, 
G3T primers with an incorporated 3-methyl isoxanthopterin 
(3MI) in the fourth position demonstrated a 50-fold increase 
in fluorescence upon quadruplex formation, which allows 
simple, specific, and effective quantification without the use of 
extra probe molecules [3,4]. 3MI, with excitation and emission 
wavelengths of 348 nm and 431 nm, respectively, is a fluorescent 
analog of guanine, although 3MI does not base pair with natural 
nucleic-acid bases and has a high quantum yield (0.88) [5]. 
Upon incorporation even into unstructured single-stranded 
DNA, its fluorescence is significantly quenched. This limits the 
widespread use of 3MI in nucleic acid reactions; as such, it has 
been mainly used to study nucleic acid loop structures.

As we have mentioned, this assay is based on the G3T DNA 
quadruplex. Quadruplexes play important roles in many 
biological processes [6-9]. The G3T sequence is based on 
a DNA aptamer that was designed against HIV-1 integrase 
[10]. Monomolecular quadruplexes are formed by stacks of 
G-quartets connected to each other by single-stranded loops. 
G-quartets are formed by four guanine residues associated in 
a square planar configuration, in which each guanine interacts 
with its two neighbors through hydrogen bonds (eight per 
quartet). The formation of G-quartets requires the presence of 
cations (such as K⁺), which bind specifically to guanine O6 
carbonyl groups between the planes of the G-quartets [11]. Due 
to cation coordination in the center of G-quartets and stacking 
interactions, monomolecular quadruplexes are remarkably 
stable and fold readily [12]. The truncated version of G3T is not 
able to fold into a quadruplex and instead perfectly hybridizes 
with the template, which represents a complementary sequence 
to G3T. A polymerase then attaches missing guanines and, as a 
result, G3T spontaneously dissociates from its template, folds 
into the quadruplex, and emits light. As a result, QPA is able 
to amplify DNA isothermally, which is critical for DNA-based 
point-of-care diagnostics.

Lead(II) chloride (PbCl₂) is an inorganic compound that is a 
white solid under ambient conditions. It is poorly soluble in 
water. Lead(II) chloride is one of the most important lead-based 
reagents [9,13]. It also occurs naturally in the form of the mineral 
cotunnite. In solid PbCl₂, each lead ion is coordinated by nine 
chloride ions in a tricapped triangular prism formation—six 
located at the vertices of a triangular prism and three positioned 
beyond the centers of each rectangular prism face. The nine 
chloride ions are not equidistant from the central lead atom; 
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seven lies at distances of 280–309 pm, and two at 370 pm [14]. 
PbCl₂ forms white orthorhombic needles.
Experimental Procedures.
Enzymes and DNA Substrates:

DNA polymerase: Vent (exo-) was purchased from New 
England BioLabs. Vent (exo-) DNA polymerase has been 
genetically engineered to eliminate the 3′→5′ proofreading 
exonuclease activity associated with Vent DNA Polymerase 
[15]. This is the preferred form for high-yield primer extension 
reactions. The fidelity of polymerization by this form is reduced 
to a level of about two-fold higher than that of Taq DNA 
Polymerase [16,17].

DNA oligonucleotides were obtained from Integrated DNA 
Technologies and Fidelity Systems. All measurements were 
performed in a buffer solution consisting of 10 mM Tris-HCl, 
pH 8.7.
UV-Visible Spectroscopy:

Temperature-dependent UV-Visible spectroscopy is a 
convenient tool to study secondary structure, thermal stability, 
and to estimate van’t Hoff thermodynamics of DNA or RNA 
molecules. UV-Visible spectroscopy is traditionally used 
to monitor thermal unfolding experiments of nucleic acids. 
Specifically, the unfolding of DNA duplexes is accompanied by 
an increase in absorbance at 260 nm, and accurate determination 
of the thermodynamic parameters for quadruplexes is possible 
by monitoring the long-wavelength region of the UV spectrum 
(~295 nm) [18-20].

UV unfolding experiments allowed estimation of the melting 
temperature of the quadruplex. Melting temperatures were 
determined by recording UV absorption at ~295 nm as a function 
of temperature using a Varian UV–visible spectrophotometer 
(Cary 100 Bio) using ~4 µM G3T oligonucleotide solutions in 
1 cm path-length cells. In a typical experiment, oligonucleotide 
samples were mixed and diluted into the desired buffers in 
quartz cuvettes. After annealing by heating to 97 °C, the 
temperature was ramped to the desired starting temperature, 
different concentrations of PbCl₂ were added, and the melting 
experiments were performed at a heating rate of 1 °C/min. 
The UV melting curves allowed an estimate of the melting 
temperature, Tm, the midpoint temperature of the unfolding 
process [21].
Fluorescence Spectroscopy:

Fluorescence spectroscopy is one of the most sensitive 
analytical tools. Fluorescence has traditionally been used to 
monitor the activity of various enzymes, to quantify DNA 
amplification, and to study molecular interactions and dynamics. 
In our assays, we use fluorescent nucleotide analogs (e.g., 3MI), 
which are completely quenched in single-stranded or double-
stranded DNA and emit light upon quadruplex formation. 
Fluorescence measurements were performed using an ESEQuant 
Tube Scanner (Qiagen). QPA reactions were carried out in a 
reaction mixture (volume: 0.1 mL) containing 300 nM primer, 
30 nM template, 800 µM dGTP, buffer (50 µM PbCl₂, 50 mM 
CsCl, 2 mM MgCl₂, 10 mM Tris-HCl, pH 8.7), and 0.06 or 0.07 
unit/µL Vent (exo-) polymerase. The reactions were carried out 

directly in 0.2 mL PCR tubes. In a typical experiment, buffer, 
DNA polymerase, and dGTP were added, and the fluorometer 
was equilibrated at the reaction temperature, followed by real-
time fluorescence monitoring.
Results and Discussion.

G3T quadruplex (HIV-integrase aptamer) by lead cations:
As we mentioned before, cations are necessary for quadruplex 

formation; however, not all cations are able to induce quadruplex 
formation, or they may form quadruplexes with lower stability. 
For example, potassium cations can form stable quadruplexes, 
whereas cesium cations cannot. This is because K⁺ ions, with 
an ionic radius of 133 pm, have an optimal size to fit into the 
inner core of G-quartets, whereas Cs⁺ ions, with an ionic radius 
of 169 pm, are too large [5,22]. Therefore, Cs⁺ ions allow the 
ionic strength to be maintained without affecting or inducing the 
formation of additional quadruplex species.

We performed UV melting experiments of 4 µM G3T 
quadruplex at different concentrations of Pb²⁺ cations. At 
low concentrations of Pb²⁺ (8 µM), the experiments revealed 
reversible two-state transitions. At this concentration, both 
unfolding (solid lines) and refolding (dashed lines) curves were 
sigmoidal and superimposable, which is characteristic of fully 
reversible two-state transitions (Figure 1). However, at higher 
concentrations of Pb²⁺ cations, the unfolding curves became 
more complex. In the presence of 50 and 100 µM Pb²⁺, G3T 
exhibited unusually large and reproducible hysteresis. Similar 
hysteretic behavior was previously observed for two conjugated 
G3T monomers, (G3T)₂, and was attributed to a highly specific 
two-state transition in which folding and unfolding of the first 
G3T monomer is rate-limiting for both annealing and melting 
processes. Thus, the hysteresis observed in the presence of 
Pb²⁺ ions can be attributed to dimerization of G3T quadruplex 
monomers [23].

Figure 1. Melting of G3T quadruplex in the presence of different 
concentrations of Pb2+ cations.
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Primer/Template Complex for QPA:
For this task, we designed specific primer and template 

molecules. The primer 5′-GGG(3MI)GGGCGGGTGG-3′ 
represents a modified G3T sequence containing an incorporated 
3MI residue at the fourth position and lacking one guanine at 
the 3′ end. As a result, the estimated melting temperature of the 
substrate was 51.9 °C (Table 2).
QPA by lead cations:

For comparison, we used 25 mM K⁺, which is the optimal 
concentration for QPA reactions with potassium cations 
[3]. In this experiment, the highest QPA rate was observed 
in the presence of Pb²⁺ cations. QPA performed with 50 µM 
Pb²⁺ resulted in approximately five-fold faster amplification 
compared with 25 mM K⁺ at 53 °C (Figure 2).

The results show (Figure 2) that once the amplification 
reaches the plateau phase and the fluorescence signal reaches 

its maximum (corresponding to the maximum number of 
quadruplexes), no subsequent decrease in signal is observed. 
This indicates that possible dimerization of the quadruplexes 
does not interfere with the fluorescent signal. In addition, in the 
main experiments (Figure 3) we used a lead concentration of 
10 μM/L, at which there is almost no hysteresis (Figure 1) and 
therefore dimerization may be less.

We also performed QPA measurements for a negative control 
in the presence of Pb²⁺ cations, which contained all reaction 
components except the template. As expected, no amplification 
was observed, because DNA polymerase cannot incorporate the 
missing guanine in the absence of duplex formation, and the 
primer alone is unable to fold into a quadruplex.

In this study, we implemented Quadruplex Priming 
Amplification in the presence of lead ions. QPA reactions 
were carried out within a temperature range of 50–60 °C at 
2 °C intervals using the substrate. QPA was monitored by 
fluorescence of 3MI incorporated at the fourth position of the 
primer. The reaction mixture contained 300 nM primer and 
30 nM template. Average QPA rates were determined. The 
substrate exhibited strong activity across the 50–60 °C range, 
with an optimal rate observed at 55 °C, reaching approximately 
80 nM/min (Figure 3). The rate is measured at the beginning of 
the graph (amplification) by the slopes.

To determine the efficiency of QPA with lead ions, we 
performed measurements at low concentrations of the template 
molecule. The results show that linear QPA mediated by lead 
ions enables the detection of a 10 pM template molecule in less 
than one hour (Figure 4).

In the study we use a very small amount of lead ion, 0.2 
micrograms is sufficient for full amplification (Fig.4). For 
comparison: Although no safe level for lead exposure has been 
identified a blood lead level of < 2 micrograms per deciliter (20 
µg /L) is considered normal [24]. An interim reference level 
(IRL) for lead based on the Centers for Disease Control and 
Prevention’s (CDC) blood reference level of 3.5 micrograms 

Figure 2. QPA reactions using 50 µM Pb²⁺ (black) and 25 mM K⁺ 
(blue) at 53 °C in 10 mM Tris-HCl buffer (pH 8.7) containing 50 mM 
CsCl and 2 mM MgCl₂, employing Vent (exo-) DNA polymerase.

Figure 3. Temperature dependence of QPA rates using the Substrate 
listed in Table 1. Primer/template concentrations: 300/30 nM, 
employing 0.06 unit/µl Vent (exo-), 800 µM of dGTP in 10 μM PbCl2, 
50 mM CsCl, 2 mM MgCl2, Tris-HCl 10 Mm, pH 8.7.

Figure 4. QPA reactions at low concentrations of template molecule 
using Substrate, Primer 500 nm, template: 300 pM (purple), 100 pM 
(blue), 10 pM (red) and negative control (black). Employing 0.07 unit/
µl vent (exo-), 800 µM of dGTP in 10 μM PbCl2, 50 mM CsCl, 2mM 
MgCl2, Tris-HCl 10 Mm, pH 8.7 at 57 °C, volume: 0.1 mL.
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Figure 5. Magnetic bead-based approach for Point of care diagnostics using the QPA reaction (red-pathogen, blue-target molecule, green-QPA 
primer) [26].

of lead per deciliter of whole blood (µg /dL). The amount 
of lead intake from food that would be required to reach the 
CDC’s blood reference level are 2.2 micrograms (µg) per day 
for children and 8.8 µg per day for females of childbearing 
age [25]. The mass of lead used in our experiment is ten times 
smaller than this amount. Although experimental waste must 
be appropriately managed in accordance with local regulations.

One of the methods for pathogen detection is a magnetic bead–
based approach for point-of-care diagnostics. In this method, 
the pathogen attaches to magnetic beads and can be transported 
through different chambers using a magnet. During this 
movement, the pathogen (for example, DNA of Mycobacterium 
tuberculosis or RNA of COVID-19) can hybridize with a 
complementary target molecule. For RNA targets, either 
complementary DNA/RNA hybrid molecules—can be used. In 
the third step (Fig. 3), the target-bound pathogen is transported 
to the amplification/detection chamber. Subsequently, the 
QPA reaction and the resulting fluorescence signal indicate 
the presence of the pathogen in the solution (Figure 5). In 
addition, all chambers are isolated from both patients or medical 
personnel and will not have direct contact, including with lead 
ions, which will be placed in the fifth chamber along with other 
QPA reagents from the beginning.

Because a POC applications, once used, contains a patient’s 
blood sample or another biological specimen, it may potentially 
contain pathogens (this applies regardless of whether the test 
produces a positive or negative result, since the test may be 
designed to detect a specific pathogen while other pathogens 
may still be present in the sample) therefore, final incineration 
(burning) of applications is required. (Moreover, as already 
mentioned with regard to lead, blood itself contains a higher 
concentration of lead (20 µM/L) than will be used in the 
application (10 µM/L)).
Conclusion.

In the present work, we designed linear QPA assays operating 
within a temperature range of 50–60 °C in the presence of 
lead ions. The substrate (Table 2) demonstrated strong activity 
throughout this interval, enabling detection of target molecules 
at concentrations as low as 10 pM. The results show that QPA 
performed with lead cations exhibits approximately five-fold 
faster amplification compared with potassium cations. UV/
Vis spectroscopic experiments demonstrated that G3T forms 
a highly stable quadruplex in the presence of Pb²⁺ cations, 
with a melting temperature of approximately 85 °C for 4 µM 

Concentration of Pb2+, μM Tm (°C)
8
12
20
25
50
100

61
64
67
68
82
85

Table 1. Melting temperature of G3T quadruplex in the presence of 
different concentrations of Pb2+ cations.

Tm values (within ±1°C) were derived from UV melting curves (Figure 
1) at a concentration of   4 μM G3T; Buffer: 10 mM Tris–HCl, pH 8.7.

Primer/Template Complexes                           Name                                       Tm a (°C)
5'-GGG(3Mi)GGGCGGGTGG                       
3’- CCCGCCCACCC         Substrate                                        51.9

Table 2. Primer/Template Complex.

aTm values were estimated from nearest-neighbor analysis. 
Concentration of Primer/Template Complexes 300 nM, 50 mM 
monovalent cations, 2mM MgCl2.

G3T and 100 µM Pb²⁺, compared with ~57 °C in the presence 
of potassium cations. These findings indicate that QPA is a 
promising approach for simple and inexpensive point-of-care 
(POC) diagnostics, and that the use of lead cations significantly 
enhances amplification speed, making this method more suitable 
for molecular diagnostic applications.
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რეზიუმე
მიზნები: კვლევის მიზანია კვადრუპლექს-პრაიმერული 

ამპლიფიკაციის (QPA) და HIV ინტეგრაზას აპტამერის 
სპექტროსკოპიული კვლევის განხორციელება ტყვიის 
იონების გამოყენებით.

მეთოდები: კვადრუპლექს-პრაიმერული ამპლიფიკაცია 
(QPA) არის ძალიან მარტივი ამპლიფიკაციის მეთოდი, 
რომლის დროსაც იზოთერმული ამპლიფიკაცია 
ხორციელდება მხოლოდ დნმ პოლიმერაზას 
გამოყენებით და დეტექცია ხორციელდება პრაიმერების 
შინაგანი ფლუორესცენციით. QPA იყენებს სპეციფიკურ 
G-მდიდარ თანმიმდევრობებს (G3T), როგორც 
პრაიმერებს, რომლებიც პოლიმერაზას მიერ სპეციფიკურ 
ტემპერატურაზე ელონგაციისას, სპონტანურად 
დისოცირდებიან პრაიმერის შეკავშირების 
ადგილებიდან (PBS) და იკეცებიან მონომოლეკულურ 
კვადრუპლექსად. G3T თანმიმდევრობა დაფუძნებულია 
დნმ აპტამერზე, რომელიც შექმნილია აივ-1 ინტეგრაზას 
წინააღმდეგ. ფლუორესცენციული ნუკლეოტიდური 
ანალოგები, როგორიცაა 3-მეთილ იზოქსანთოპტერინი 
(3MI), ამ პრაიმერებში ინტეგრირებისას ასხივებენ 
სინათლეს კვადრუპლექსის წარმოქმნისას და იძლევიან 
მარტივ, სპეციფიკურ და მგრძნობიარე რაოდენობრივ 
განსაზღვრას ზონდის მოლეკულების მიმაგრების 
გარეშე. 

შედეგები: ადრე შემუშავებული იყო QPA სამიზნე 
მოლეკულითა და კალიუმის კათიონებით. აქ ჩვენ 
შევიმუშავეთ QPA მეთოდი ტყვიის კათიონებით 
50-60 °C ტემპერატურულ ინტერვალში. ტყვიის 
კათიონები ავლენენ ბევრად სწრაფ ამპლიფიკაციას, 
ვიდრე კალიუმის კათიონები. სამიზნე მოლეკულას 
შეიძლება მიმაგრდეს პათოგენის კომპლემენტარული 
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თანმიმდევრობა, რაც გვაძლევს პათოგენის აღმოჩენის 
შესაძლებლობას. გარადა ამისა მოვახდინეთ G3T 
თანმიმდევრობის სპექტროფოტომეტრიული კვლევა. 
ტყვიის კათიონმა აჩვენა ძალიან სტაბილური 
კვადრუპლექსის ფორმირება. 

დასკვნა: QPA შეიძლება გამოყენებულ იქნას 
როგორც მარტივი და იაფი დიაგნოსტიკის (POC) 
განხორციელების მეთოდი, ასევე უფრო სწრაფი 
ამპლიფიკაციის შემუშავება ამ მეთოდს მოსახერხებელს 
გახდის მოლეკულურ დიაგნოსტიკაში გამოსაყენებლად. 

 Pезюме 
Цель: Цель исследования – внедрение квадруплексной 

праймирующей амплификации (QPA) и спектроскопическое 
исследование аптамера ВИЧ-интегразы в присутствии 
ионов свинца.

Методы: Квадруплексная праймирующая амплификация 
(QPA) – это очень простой метод амплификации, при 
котором изотермическая амплификация проводится с 
использованием только ДНК-полимеразы, а детектирование 
осуществляется по собственной флуоресценции праймеров. 
В QPA используются специфические G-богатые 
последовательности в качестве праймеров (G3T), которые 
при удлинении полимеразы при определенных температурах 
спонтанно диссоциируют от сайтов связывания праймеров 
(PBS) и сворачиваются в мономолекулярный квадруплекс. 

Последовательность G3T основана на ДНК-аптамере, 
разработанном против ВИЧ-1 интегразы. Флуоресцентные 
аналоги нуклеотидов, такие как 3-метилизоксантоптерин 
(3MI), при включении в эти праймеры излучают свет 
при образовании квадруплекса и позволяют проводить 
простое, специфичное и чувствительное количественное 
определение без присоединения молекул-зондов. 

Результаты: Ранее были разработаны QPA-анализы 
с укороченными мишенями и катионами калия, данной 
работе мы разработали QPA-анализы с укороченной 
мишенью и катионами свинца в температурном интервале 
50-60 °C. Катионы свинца демонстрируют более 
быструю амплификацию, чем катионы калия. Кроме 
того, мы провели спектрофотометрическое исследование 
последовательности G3T с катионами свинца. Катион 
свинца продемонстрировал очень стабильное образование 
квадруплекса. 

Заключение: К целевой молекуле можно присоединить 
комплементарную последовательность патогена, что 
дает возможность обнаружения патогена. QPA может 
применяться в качестве метода для реализации простой 
и недорогой диагностики (в месте оказания медицинской 
помощи (POC)), а также для разработки более быстрой 
амплификации, что сделает этот метод удобным для 
использования в молекулярной диагностике.
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